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METHOD FOR PERFORMING THOBACOSCOPIC CARDIAC BYPASS PROCEDURES 

BACTOlOmro OP Tgg TMVMffTMt 

Th* prM«ttt lnv«ntlon relates 9«n«rally to 
theraeoBcopio aathods for parfonlng cardiac precaduraa. 
Mora partioularlyr tba praaant invention ralatas to 
theraooaoopio aethoda for parf oraing prooaduraa 
10 axtamaUy on or iataraally vithin tho haart vhila tha 
patiant'a ebast is tinopaaad, tha patiant*B haart is 
stoppad, and tha patiant is supportad by eardiopulaonary 
^ypaas. 

Coronary artary diseasa rauins tha laading 

15 eauaa of aorbidity and aortaiity in Waatam aoeiatiaa. 
Coronary artary disaaaa la aanif aatad in a nuabar of 
vaya. ror axaapla, diaaasa of tha ooronary artariaa can 
load to inauff ieiant blood flow raaulting in tha 
diaeoafert and risks of angina and isehaaU. Xa aavara 

10 eaaaa, acuta blodcaga of ooronary blood flew can raault 
in ayoeardial iaf aretioo, laading to iaaadiata daath or 
daaaga to tha ayoeardial tissiis. 

A nuabair of appreachas hava baan davalopad for 
treating coronary artary diaaaaa. 2a laaa aavara eaaaa, 

15 it is oftaa auff iciant to treat the ayaptoaa with 

pharaaeatttieala and lifaatyla aodif ioation to leaaan the 
underlying oauaea of diaaaaa. Xn aora aavara caaea, tha 
coronary bloekaga(a} oaa oftaa ba treated andovaaeularly 
using tachniquaa sueh aa balloon angiepUa^, 

10 atheraoteay, laser ablation, atants, hot tip probaa, and 
tho llko. 

Xa oaaas vbere pharaaeeutieal traataant and/or 
andovaacular approaehea hava failed or are likely to 
f^il0 it is often neceaaary to perfora a coronary artary 
5 bypass graft procedure using open surgical techniquea. 
Such taohniquas require that tha patient's stamua be 
epeaed and the eheet be spread apart to provide aceaea to 
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thm heart. A souroa of artttrlal blood is then connaetad 
to a coronary artary downatraaa £roB aa oeeluaioa vhlla 
tha patiaat la aaintalaaa undar eardieplagia and ia 
•upportad by eardiopulaonary bypaaa. Tha aeurea of blood 
5 ia of tern tha loft or ri^t intamal Maaary artary* and 

the target coronary artary can be the left anterior 
descending artery or any other coronary artary which 
sight be narrewad or occludod. 

While very effeetiva in aany caaea, the use of 
10 open surgery to perform coronary artary hyp«*8 grafting 
ia highly trauaatie to tha patient. Tha procedure 
raguiraa iBaadiata poatoparativa care in an iatanaive 
care unit* a total period of hoapitalisation of aeven to 
ten days, and a raeevary period that can be as long as 

19 six to eight weeks* 

Zt would therefore be desirable to provide 
other, leaa trauaatie aethoda and teehniquea for 
perforaing coronary artery bypass grafting. Zt would be 
particularly deairable if such techniques did not require 

20 opening of the patient'a starnua, and night be even acre 
dBBirntiln If mtnh tfH'.hnlfpmt nniild hti pArfnraed tiling 
thoraeoaoopie aethoda. Such thoracoscopio aethoda could 
decrease aorbidity and aortality, coat, and recovery tiae 
when eovparad to conventional open surgical coronary 

2S l^ass procedures. Za addition, suoh aethoda oould be 
even acre effieaoiooa than open-aurgical bypaas 
procedures. 

1. Deseriatloa ef tha aaafcagaiMid mgfc 

Conventional thoracoscopio teehniquea are 

30 described in Landreneau at al. (1992) Ann. Thorae. Surg. 
54: 800-807. Conventional open axirgical procedures for 
parfoxaing coronary artery bypasa grafting are described 
in xir)ain and Barrett Boyea, Cardiae Surgery, John Wiley 
8 Bona, Zno. New York, 1999 (2nd Sd.). Copending 

35 application serial No. 07/730,599, assigned to the 

aasignee of the preaent application, deacribea a catheter 
which ia inaertabla into a patient* a arterial ayataa and 
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oeolttda the «so«ndin9 «prt«. The coronary oetie reaain 
unblocdced ao that the heart and proxiaal aaeending aorta 
aay be Isolated while the patient is on cardiopulzwnary 
S bypass, this eatheter is particularly intended to be 
used in heart valve replaeeaent preeedures. 

Aoeording to the preeent invention, a nethod 
for cloaod-chest cardiac surgical intervention relies on 
10 viaving the region o£ the heart through a pareutanaously 
positionad viewing scope, such as a thoracoscope. The 
patient's arterial systea will be partiUoned during such 
interventional prooeduree at a location within the 
aaiMuidiiiif «0rt« batwron tha brachiocephalic artery and 
15 the coronary ostia. Zn a preferred eabodiaent, such 

partitioning is a^ieved by endovaseularly advancing the 
distal and of a oatheter to the deaired location with the 
ascending aorta and expanding a blocking eleaent on the 
eatheter at aaid leoation to inhibit the flaw of blood 
and ether fluids peat said location, such partitioning 
facilitates isolation of the heart, and in particular 
permits the heart to ba atopped while the patient is 
supported by cardiopulaonary bypass. Once tha patient's 
heart is stopped, a variety of surgical procedures can be 
25 parf eraed using pereutaneouely introduced instruaents in 
e ainiaally iavaaive fashion. 

The aetheds of the preeent invention will be 
particularly ussful for f eraiag eorenary artery bypass 
grafts in a patient suffering froa coronary artery 
30 disease. The aethods will be perforaed while the 

treating physician viawa the region of the heart through 
the viewing scope, with initial portions of the 
proceduraa being perforaed while normal heart function is 
aaintained. Km a first step, the physicUn will prepare 
35 an arterial blood source, typically by harvesting an 
internal aaaaary artery or other auitable artery. 
Conveniently, the lung beneath the internal aaaaary 
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art«ry will eollapsad vbila tb* other lun? rMuins 
vuitilated. Aftar the arterial blood source is prepared, 
cardiepulsonary bypass will be established, the patient «s 
arterial systea vill be partitioned, and the heart 
9 stepped, typically by introducing eardioplegie fluid to 
the isolated heart. A target location en the coronary 
artery will then be prepared to receive attaehnent ot the 
arterial blood eource, typically by foraing an incision 
at a location devnstrsaa froa a narrowed region in the 
10 artery. The arterial blood source can be connected to 

the coronary artery by various conventional anastoaotie 
techniques, such as suttiring. 

The aethods of the present invention provide a 
ainiaally-invasive approach for foxning coronary artery 
15 bypass grafts with an efficacy equal to or greater than 
conventional open surgical bypass techniques. The 
aethods of the present invention can be adapted to create 
anastoaoses of a variety and type siailar to those 
created bjf open surgical techniques, while greatly 
20 reducing patient trauaa since there is no need to perf ora 
a stemetoay. xoreover, the preferred use of an 
endovaecular catheter to partition the aorta and isolate 
the heart offers a substantial advantage over open 
surgical techniques where external daaps are placed on 
25 the eorta. External claaps can daaage the aorta and aay 
frequently cause the rslease of eaboli froa the aortic 
luaea. Additionally, since the stemua does not need to 
heal aftar the procedura, both internal aaaaary arteries 
can frequently be used in a single procedure to provide 
30 aultiple bypass routes. Heretofore, one internal aaaaary 
artery was often left in place to provide blood flew to 
proaota healing of the stemua in aaay open-aurgical 
procedures. 

MIgF bBecarPMOM o> m ttmxma 
'ig- 1 is a soheaatio view showing the 
placeaant of four trocar sheaths along the lateral chest 
on the left eide of a patient. 
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Fig. 2 Is a crofls-ssetional vl«v illustrating 
ttaa plaeeaant of a slngla trocar ahaath batvaan adjaeant 
riba aeocrding to tha prasaat invantion. 

fig. 3 illuatrataa tha uaa of an 
5 alactrosurgleal tool introduead thsrougb a trocar ahaath 
in ordar to diaaact tha laft intamal aaaaary artary fren 
tha innar thoraeie vail to ttmm tha artary prior to 
tranaaetien. 

fig. 4 iUuatratas tha uaa of a elip appliar 
10 introdttcad through a trocar ahaath in ordar to oaal off 
portions of tha laft intamal aauary artary prior to 
tranaaetien. 

fig. 5 illuatrataa tranaaetien of tha laft 
intamal Baaaary artery to provide aa arterial blood 
15 source according to the aethod of the present invoatien. 

fig. 5 illustratea the use of an endovaaeular 
catheter to partition the patient *a heart at a location 
vithin tha aaceading aorta according to the sMthod of the 
preaent invention, fig. 5 further iUuetrataa tha 
connection of a eardiopulnonary bypaaa ays tea to tha 
patient, aa waU aa tha optional plaoeaent of a 
retrograde cardioplegia eathatar. 

Fig. 7 Ulustrates the preparation of the heart 
prior to f oraation of an arteriotoiv in the left anterior 
descending coronary artery which acta aa a target 
location for connection of the internal aaaaary artery. 

Figa. «-i3 illuatrate the et^ of preparing 
the coronary artery and auturing the internal aaaaary 
artary to an inoUioa foraed in tha coronary artery in 
order to ooapleta the deeired coronary bypaaa graft. 
These stsps are parf oned in the region of the coronary 
artary detailed aa circle 8-a in fig. 7. 

Fig. 14 ahowa the heart efter coapletion of the 
coronary artery bypasa procedure of the preaent 
35 invention, particularly illustrating the bypass froa ths 

left internal aaaaary artery to the diatal left anterior 
deaeending coronary artary. 
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PgaaiPTTQW or meme Btaop^mm 
The Bsthoda of the present invention are 
sttitable for performing a variety of surgical cardiac 
procedures where the heart will be stopped and the 
patient supported by cardiopulmonary bypass. The 
procedures vlXl be minimally invasive and be performed 
using surgical instruments introduced through a plurality 
of trocar sheaths pUeed through the patient*s chest. A 
viewing scope, such as a thoracoscope, will be placed 
through at least one of the trocar sheaths, and selected 
surgical instruments vUl be placed through ethers of the 
trocar shsaths and their manipulation viewed by the 
treating physician using the viewing scope. The methods 
of the present invention ere particularly auitable for 
forming coronary artery bypasa grafts, but will also find 
use in a variety of other procedures, such as mitral 
valve repair; mitral valve replacement; thrombectomy of 
the pulmonary artery, left atrium, or left ventricle; 
removal of atrial myxoma; atrial or ventricular septal 
ao defect closure; patent foramen ovale closure; tricuepid 
valve annuleplaaty; tricuepid valve replacement; 
ventricular aneurysmectoav; thermal and mechanical 
cardiac ablation procedures to correct arrhythmias; and 
the liXe. 

aothod of the present invention for 
performing a coronary artery bypaso graft will now be 
deeevited in de«aU. fh* ^l;i*ktt uttd*ivvl««v U<» 
procedure is prepared in a conventional manner for 
cardiac eurgery. Additionally, both groins are prepared 

30 to permit access to the femoral arteries and veins for 
cardiopulmonary bypass and introduction of the aortic 
occlusion catheter, ae deecribed In more detail 
hereinafter. The ebdomen will also be prepared in ease 
it is necessary to obtain access to en abdominal artery 

35 (for example, the gastreepiploie artery) for use in the 

bypass procedure. The patient ie placed under general 
anesthesia, and a double<-lumen endobronohial tube is 
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in««rt«d for ■•X«otlv« v«ntil«tlen or deflation of oithsr 
lung. 

After tho p«tl«nt has been prepared ae 
described above, a plurality of aecaaa trocar eheaths 10, 
S 12, 14, and 16 will be positioned in the lateral chest of 
the patient P, as illustrated in TLg, 1. The trocar 
eheaths of Fig. l are shown on the left side of the 
patient and will be used in the or eat ion of an 
anastesosis between the patient's left internal aaaaary 
10 artery Md the left anterior deeeending oorenery artery, 
as vill be described in detail hereinafter. Kete that it 
will frequently be desirable to have one or acre access 
trocar sheaths in position on the right side of the 
patient, particularly to penait the introduction of 
15 grasping tools to faeilitata repositioning the heart, as 
described in acre detail hereinafter. Xn addition, it 
■ay be desirable to position one or aere trocar sheaths 
in parasternal location (s) es well. Usually, one trocar 
sheath, for exasple, troear sheath 13, will be positioned 
30 first, end a thoracoscope vill be introduced 

therethrough. The reaaining trocar sheaths 10, 14, and 
IS can then be positioned beeed on the relative position* 
of the ooroaary arteries and other internal body 
structures which can be viewed after the thoracoscope has 
35 been initially placed. 

The troear sheaths 10, 13, 14, and 16 used in 
the aethods of the present invention vill generally be 
shorter than those used for conventional laparoscopic 
procedures. Typically, trocar sheaths useful for the 
30 present invention will have a length in the range froa 

about two to 10 ca, and an internal diaaeter in the range 
froa two to IS aa. In addition, the trocar sheaths can 
be flexible to perait aanlpulatlon of tools Introduced 
therethrough. As illustrated in Pig. 2, the trocar 
35 eheaths will generally be introduced between adjacent 

riba R and vill peneCrete vith their caudal aspect lying 
just above the superior rib aurfeces. Suitable 
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thoraeesoopie trocar sheaths ar« avallabl* tvom Bnowdan- 
dancer Corp. undar tha tradanaaa Sbara-Pert*. 

The coronary artery bypass graft procedure* of 
the present Invention require that a eource of arterial 
5 bleed be prepared for subsequent bypass connection to the 
narrowed coronary artery at a location beyond the 
narrowing. Such arterial blood sources will be prlaarlly 
of two types. First, existing arteries can be dissected 
froB their natural attaehaents and transected to provide 
10 upatreaa and downstraan free ends. The upstreaa free 

and, which Is the arterial blood source, will be secured 
to tha coronary artery at a location distal to the 
narrowing, thus providing tha desired bypaes blood flow, 
second, artificial arterial shunts nay be prepared by 
attaching a natural or synthetic blood vessel, typically 
a length obtained froa a leg vein, at one end to the 
proxlaal ascending aorta and at the other end to the 
target location on a coronary artery, she use of 
transacted arteries is generally preferable since they 
20 tend to reuin patent for long periods and require only 
one anastoaesls. 

The arterial blood eouroe will preferably be 
the left or right internal aanaary artery, it will also 
be poeelble to use the gastroapiplele artery In the 
abdonea. Access to the gastroeplpleio artery eaa be 
obtained laparoseopically, with the artery being brought 
into the thorax froa the abdoalnal cavity via a window 
through the dlaphraga. when neoessery, it will be 
possible to prepare free grafts froa the aorta. Such 
free grafts can be foraad froa veins or arteries 
'^"'vaata^ 'roa other locations la a patient's body, or 
Bay ooapriae synthetic graft aaterials. The free graft 
Bay be passed into the thorax through either one of the 
eccess trocar sheaths or through the eorta (by punching a 
35 hole therethrough) . The free graf ta thus located will be 
attached at one end to the proxiaal aecendlng aorta (to 
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provide th% artMTlal blood supply) and at tha ether end 
to tlia target leeatioa on the coronary artury. 

The left internal maoury artery is auitable as 
an arterial aouroe for target locations on the left 
S anterior deacending coronary artery, the diagonal 

coronary artery, the circuaf lex artezy/obtuee aarginal 
artery, and the raaus intanwdiua ooronary artery. The 
right internal aaaaary artery is available for connection 
to all of the saae target locations, as veil as the right 
10 coronary artery and the posterior descending artery. The 
gastroepiploic artery and free grafts froa the aorta will 
be available for all target locations. 

Referring now to Figs. 3 and 4, an exaaplary 
procedure according to the present invention for 
IS transecting the left internal maaaary artery um will be 
described. Initially, the left lung is deflated and an 
electrosurgioal tool 30 is used to dissect a length of 
the internal aaaaary artery ZMA froa the inner thoracic 
wall. The side branches of the internal aaaaary artery 
20 are sealed. The electrosurgioal tool 30 is then 

introduced through trocar sheath 12 while a grasper 32 or 
other tool for applying tension on the artery zm is 
introduced through trocar sheath 14. The thoracoscope 34 
aay be positioned through the trocar sheath is in order 
25 to aost advantageously view the operating area at this 
point in the procedure. 

After the internal aaaaary artery vnh is freed 
froa the thoracic wall, the electrosurgioal tool 30 will 
be replaced with a clip applier 36, with the thoracoscope 
34 being aoved to trocar aheath 14 and the graspers 32 
being aoved to trocar sheath 10. The clip applier 36 
(Pig. 4) ie then used to place one clip 40 upstreaa and a 
second dip 42 dewnstreaa of a region of the internal 
aaaaary artery ZKA to be transected, as illustrated in 
35 Pig. s. Upstraaa clip 40 will be a teaporary ocolusien 

device (e.g., a Fogarty clip, Baxter Corp.) which is 
later removed froa the internal aaaaary artery zma to 


10 

••tobliah feypass flow, oowistrwui clip 42 will be 
pmaiMBtly left la placw. httmr thm elipa 40 and 42 are 
applied, a cutting tool 44 can be introduced through the 
•aae trocar abeath 12 which had received the clip 
applying tool, and the cutting tool uaed to out the 
artery in a conventional aanner. Note that it viil be 
deeirable to out the artery along a diagonal transverae 
line in order to provide an oval-ehaped dietal end, ae ■ 
beat seen in Fig«. 7 and 9. Xf neeeeaary, the original 
cut can be further triaaed to provide a free upatreaa end 
■ttitable for connection to the narrowed coronary artery 
at a location dietal to the narroved eegaent. Usually, 
exeeea fat will be diaaeeted from the distal 1*2 cm of 
the severed artery, ftae disseetien can be carried out 
either within or outaide of tha thorax, with eutaide 
procedures perf orud by dreving the upatreaa free end of 
the artery out through a trocar ahaath tenporarily. 

A particular advantage of the method of the 
present invention is that both the left and the right 
internal aaaaary arteriee can be uaed for bypaes in a 
eingle procedure. Nereovwr, eech internal maaury artery 
can be used to fon aere than one bypaee aaasteaosis 
including both eide-'te-side enestoMses end eii end-to- 
eide anaatoaoeis. Either internal aaaaary artery may be 
used for revaseularitationa on either side of the heert. 

After the internal aaaaary artery ZKA has been 
trenseeted and prepared, it is necessary to place the 
patient on cardiopulaenary bypaee and to induce 
cerdioplegia (i.e., atop cardiac contraction) prior to 
connecting the arterial graft to the coronary artery. 
Cardioplegia can be induced bf introducing certein 
oheaicale (ueually potassiua-centaining aolutions) into 
the interior of the ayoeardiua and requires thet the 
patient's arterial eystea be partitioned to ieolate the 
heart and proxlaal ascending aorta froa the reaaiader of 
the patient's vaaoular syatea. The isolated heart end 
escending aorta can then be eeleetively exposed to e cold 
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solution that oontaino a high conoantration of 
cardioplagio chaaicala. 

Safarring to Fig. 6| tha artarial ayataa aay ba 
partitionad using an aortic oeduaion balloon cathatar so 
5 which ia poaitionad in tha aacanding aorta 52 to aaparata 
tha laf t vantricla 54 and proxisal portion of tha 
aaoandino aorta from tha raat of tha patiant^a artarial 
ayataa. / A oardiepulaoaary bypaaa ayataa 56 raaovaa 
vanoua blood froa tha faaoral vain 58 uaing a 

10 oonvantional blood vithdrairal cathatar CO*. ' Tha bypaaa 

ayataa 56 raaovaa carbon dioxida froa tha blood, 
cxyganataa tha blood , and ratuma tha oxyganatad blood to 
tha patiant^a faaoral artary 62 through a oonvantional 
ratum cathatar 64* Tha bypaaa ayataa 56 will oparata at 

15 a auf f iciant praaaura to driva tha circulation of tha 
blood through tha patiant^a artarial ayataa axcapt for 
that portion vhieb ia blockad by tha aortic oeduaion 
cathatar. 

Tha aortic occluaicn cathatar SO ia praf arably 

20 andovaacularly introduoad ovar a conventional guidavira 
to tha aacanding aorta through tha laft faaoral artary 66 
which ia antarad eithar parcutanaoualy or through an opan 
cut down 67 of tha groin. A proxiaal hub 68 ia locatad 
on tha proxiaal and of the oeduaion cathatar SO and 

25 inoludaa a balloon inflation aaana, auch aa ayringa 70, a 
main acoaaa poart 72 to parait tha introduction of 
inatruaanta, irrigation fluid, and tha lika. optionally , 
a third introduction port 74 aay ba providad to 
raeirculata a portion of tha vanoua blood froa cathatar 

30 60. Tha proviaion of accaaa porta in tha aortic 

occlusion cathatar 50 ia optional. It ia nacassary only 
that tha cathatar 50 ba abla to poaition a blocking 
eleaant, auch aa tha inflatabla balloonr at tha propar 
location within tha aacanding aorta. Ona or aora access 

35 ports and luaana, howavar, aay ba an advantage in a 

variety of oircuastancaa. For axa^^le, the cathatar 50 
with an accaaa luaen would parait anterograde 
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ftdainistratlon of oardlopl«glo fluid and would also 
PT»lt antwrograda vantlng of tba left vantriela. Such a 
luaan eouXd also provide acceaa by acting aa an anchored 
guiding catheter for a variety of other conventional 
5 diagnoitio and Interventional catheters, such as 
angiography, angioplasty, atherectoay, and siailar 
vascular catheters. The construction of suitable aortic 
occlusion catheters having such access ports and lumens 
Is described in detail in copending application Serial 
Ko. 07/730,559, filad on July 16, 1991, the full 
disclosure of vhieh is incorporated herein by reference. 

As Just described, the aortic occlusion balloon 
catheter 50 will preferably be introduced percutaneously 
or through an open eutdown of the feaoral artery, it aay 
also be possible to introduce the catheter 50 through a 
trocar sheath placed in the chest, where the catheter is 
then passed through an aortic arteriototy in the 
desoanding aorta and advanced through the luMn to the 
location in the ascending aorta, as described above. 
Introduction via an aortic artariotoay, however, will 
generally be less preferred since it is technically a»re 
difficult than introduction through the femoral artery. 
Such introduction, however, may be Indicated in cases 
where the femoral arteries are inaccessible and 
atherosclerosis of the ascending aorta makes use of an 
external ola^p hasardous (because of possible generation 
of emboli). 

In some eases, the patient's vascular system 
might be partitioned ueing en external clamp located on 
the asoending aorta between the brachiocephalic artery 
and the coronery oetia. The external clamp would be 
similar to those employed in open surgical procedures, 
except that it would be suitable for placement through e 
trocar sheath under thoraeoecopic guidance. Use of an 
extornal damp, however, is generally lees preferred 
since it risks trauma to the eorta, releaae of emboli 
from the dieeaaed aortic lumen, and the like. 
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Zn addition to previsions for cardiopulaonary 
bypsss and for artarial systaa partition, tha patiant 
will ba praparad to raeelva the introduction of a fluid 
containing eardioplagie agants to tha ayocardiua. Such 
5 agents Bay ba dalivared directly into the aortic root and 
coronary ostia in an anterograde aanner eaploying tha 
aertie eecluaion catheter for such delivery. Ibe 
blocking element of the aortic ocdttsion catheter 
prevents escape of eardioplagie fluid into tha reaaindar 
10 of the arterial circulation. 

Alternatively, the cardioplegic agente can be 
delivered in a retrograde fashion using a coronary sinus 
catheter 80 which la introduced in a conventional aannar 
through the patient's right internal jugular vein 79, and 
includes a balloon at the distal end of the catheter 
extending into the coronary sinus 82. A pulaonary artery 
venting catheter 84 aay also be introduced through the 
right internal jugular vein 7» and eventually into the 
pulaonary trunk 8«, as illustrated, ihe pulaonary 
venting catheter 84 aay include an inflatable balloon 
(not illuatrated) which can be used if necessary to 
occlude the pulaonary trunk 88 as well as an inner luaen 
which can vent fluid froa the pulaonary trunk and thereby 
deeoapress the left ventricle S4 as necessary during the 
procedure, uee of the aortic occlusion catheter so, the 
coronary einue catheter 80, and the pulaonary venting 
catheter 84 is described acre fully in copending 
application serial nuaber 07/730,559, the disclosure of 
which has previously been incorporated herein by 
30 reference. 

Cardiopttlaonary bypass and cardioplegia are 
then initiated aa follows. Pirat, the cardiopulaonary 
bypass systea 56 is activated, followed by Inflation of 
the blocking belloon on the aortic occlusion catheter. 
35 The blocking balloon will be poeitioned between the 

brachiocephalic artery end the coronary oatia, neither of 
which will be occluded. In this way, the patient's left 
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vantriola and proxiaal aacanding aorta ara iaolatad froa 
tha diatal ascanding aorta and the raaaindar of 
oireulation* Cardloplegio tluid nay than be perfueedr in 
either an anterograde or retrograde faahlon, into the 
5 coronary circulation in order to arreet and cool the 
heart, vhile the reaainder of the arterial eyetea ie 
perfuaed vith bloo<l# coming froa the cardiopulaonary 
bypaae ayetea. Preferably, the teq>erature of the heart 
will be lowered to aa lov ae 5*c by perfuaing the heart 

10 vith cold liquid cardioplegio fluid and optionally 1^ 
topical cooling. Heart teaperature aay be aonitored 
uaing a ayooardia probe which ia introduced either 
through one of the trocar aheatha or together with one of 
the coronary cathatara. such topical cooling aay be 

15 achieved by inf uaing cold ealine over the heart surface 
within the pericardiua or by covering the heart with a 
cooling jacket, auch aa a Oailey jacket available from 
Medtronic, fit* Paul, Nianeaeta. 

After cardiopulao n a r y bypaae haa been 

20 eatabliahed, both lunge will be deflated in order to 

aaxiaise viaualisation of the cardiac region during the 
raaaindar of the aethod. Xhe left ventricle aay be 
vented, if neeeaaary, uaing the pulaonary artery vent 
catheter 84 or an aortic root vent catheter (not 

25 illuetratad) introduced through an aeeeea luaen of the 
aortio occluaion catheter 50* Alternatively, it aay be 
poaaible to vent either the pulaonary artery, left 
atriuB, or left ventricle uaing e catheter paaaed into 
the thorax throu^ a trocar aheath, where the catheter ia 

30 then paaaed directly through the wall of the artery, 

atriua, or ventricle. Finally, it ia poaaible to vent 
the left ventricle uaing only negative preaaure applied 
to the proxiaal end of the aortic occli^aion catheter, 
which thua acta aa an aortic root vent. 

35 Aa an alternative to the uae of cheaical 

cardioplegio fluida, the patient's heart could be 
'^atopped'* for purpoaea of the preeent procedurea by 
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•lactrically inducing fltarillation. Thm MOMsary 
•laotrodM oduld be introduood through Ml#et«d trooar 
Shaaths f or could ba appliad axtamally cn tha patiant'a 
chast* 8aa, Aiklaa (lt84) J* Shorae. Cardiovaae. Surg. 
5 is 1 174, for a daacription of auch tachniquaa. Uap of 

chaaical oardioplagia to arraat tha heart vill ganarally 
ba prafarrad, ainea tha eooladi arrastad heart will hava 
a Bueh lovar oxygan raquiraaant than tha f ibrillating 
haart, vhich reduces tha likalihood of Intraoparativa 

10 injury to tha heart* 

Vha patient la nov ready to have the diseased 
coronary artery or artariea prepared for anaatoaoaas* 
Znitially, a pericardiotony ia performed to provide 
accaaa to the ooronacy arteries. The perieardiotosy can 

15 be perforaed using suitable inatruaante, suoh as 

alaetroaurgioal instruaeata, introduced through the 
lateral cheat trocar aheaths (Pig« 1) vhile viewing the 
region through the thoracoscope. The pericardiua can be 
inciaed and apread open for acceaaf or portions of tha 

20 pericardiua can be exciaed and raaoved from the thoracic 
cavity* 

Xaferting nov to pig. 7, the decoapreaaad heart 
B will nov be rqpoeitioned uaing auitabla inatruaents in 
order to better expose the coronary artery which is tha 

25 target for anaatoaoaia* Suitable tools include hoblca, 
auction catheters, graaping rode, puahing rods, and tha 
like. Gravity can alao be uaed to help position the 
heart if tha patient can be turned appropriately. Aa 
illuatrated in Pig« 7, a pair of graapers 90 aay be used 

30 to secure opposite eidee of the heart and peralt turning 
of the heart aa deaired« optionally, additional trocar 
ahaatha aay be introduced at other aitea of thoracic 
accaaa* For axaapla, one or acre paraatemal puncturea, 
one or aore puncturea in the aidclavieular line, and/or a 

35 aubxyphoid puncture aay be introduced. 

Aa illuatrated, the left anterior daacanding 
coronary artery IAD ia f irat pulled upward f roa the 
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■urtaee of the heart H and stretched ualng a pair of 
alaotie aeabers 92 vhleh are introduced through 
appropriately poaitioned trocar ahentha. Use elastic 
aambers 92 place axial tension on the region of the 
5 coronary artery ZAD which is to be prepared for 

anastomosis, in additi(m« they provide a bloodless 
luaen, penitting excellent visualisation. 

Referring nov to Pig. 9, an incision 95 is aade 
in the vail of the coronary artery IAD, vbere the 
10 incision has diaensions selected to aateb these of the 
upstreaa free end of the internal aaaaary artery graft. 
The incision 99 is aade by first piercing the arterial 
vail using the tip of a scalpel (not illustrated) . 
Scissors 96 are then introduced through the penetration 
IS and used to axially extend the penetratioa« as 
illustrated at 97 in Fig. 9. 

The internal naaaary artery J3IK can be joined 
to the extended inoiaion 97 in the coronary artery IAD by 
a variety of conventional technigues, including suturing, 
20 laser welding, aicrostapling, and the like. It will be 
preferred to use conventional suturing techniques as 
, illustrated in Pigs. 9-13. A length of suture 98 has 
needles 100 at either end, «fhich are aanipulated using 
forceps 102 to join the free upstreaa end 101 of the 
internal aaaaary artery IMA graft to the opening created 
by the incision 97 in the coronary artery ZAP. 

After the suturing is oeaplete, the internal 
araaary artery IKA will be joined to the coronary artery 
lAO as illustrated in Pig. 14. The taaporary clip 40 
will then be reaoved to perait blood flow froa the 
internal aanaary artery IKA into the coronary artery, 
thus bypassing the previous blocXage in the coronary 
artery. The dovnatreaa free end of the internal aaxoaary 
artery IMA will reaain clipped, as described above. 

Pollowing eoapletion of the coronary 
anastoBosea, ell heart aanipulatiag devices will be 
reaoved froa the patient, and the heart will be peraitted 
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to ntum to Its iwtiural orimtation. lbs aortic 
eecluaion eathstar 50 vill bo daflatod. Both lunga will 
ba vantilatad, and tha coronary artariaa vill be partuaad 
vith blood to initiate cardiac contractions in a 
5 eonvantional aannar. Zf nacaaaary, the heart will be 
def itarillatad to correct ita rhytha uain? eleetrodea 
placed either on the heart aurf ace via trocar aheatha or 
on the patient's body surface. She eardiopulaonary 
bypaas vill be gradually reduced and atopped. The aortic 

10 occlusion catheter vill be reBOved* and the bypass 
catheters vithdrava. She groin peaetratieas vill be 
repaired as aeeessary« all reaainiag trocar sheaths vill 
be reaevedf and all thoracic punctures vill be sealed ia 
a eenveatioaal aaaasr. Pinally, the patient vill be 

IS recovered froa anesthesia. 

Although the foregoing invention haa been 
described in soae detail by vay of illustration and 
exaapla, for purpoaaa of clarity of understanding, it 
vill ba obvious that oartaia changes and aodif icatiens 

20 Bay be practiced vitbin the scope of the appended claias. 
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TfiriT Til fTTiUMLia* . 

I. A Mthod for clMttd*ch«st cardiac surgical 
intervention* eaid aethod coaprieingi 
S f ondng at least one peroutaneous penetration 
in the patient *s chest i 

vleiring the region of the heart through a 
viewing scope disposed through e percutaneous 
penetration; 

10 partitioning the patient *s arterial systea at a 

location vithin the ascending eorta between the 
brachiocephalic artery and the coronary ostiai 
establishing cardiopulmnary bypMs; 
stopping heart contreetioni end 
15 perf oning a surgical procedure on the stopped 

heart using tools introduced through a percutaneous 
penetration while viewing the heart through the viewing 
scope* 

20 2# A nethod as in olaia 1| wherein the 

viewing scope is introduced throu^ a trocar sheath 
disposed in a percutaneous penetration. 

3. A aethod as in claia 1, wherein the 
25 arterial eystea is partitioned by endovaseularly 

advancing a distal end of a catheter to the location 
within the ascending eortSi and expanding a blocking 
eleaent on the catheter at said location to inhibit the 
flow of blood and other fluids pest said location. 

30 

4. A aethod es in claia i| wherein 
cardiopulaonary bypass is established froa the f eaoral 
vein to the f eaoral artery. 

35 5. A aethod as in claia 3, wherein heart 

function is stopped by introducing a cardioplegic agent 
to the heart or by inducing ventricular fibrillation. 
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<• A ■•thod for ferain? a eoromry «rtttry 
IVpaas graft in a patient, said aathod eoaqprislags 

f oning at laaat ona parcutanaeua panatration 
In tha patient 'a cheat; 

▼iavlng the region of the heart throogh a 
viewing acope diapoaed through a peroutaneous 
PMetratien; 

foraing an arterial blood seuree; 

endovaaeularly partitioning the patient's 
arterial eyetea at a location within the aecending aorta 
between the brachiocephalic artery azul the coronary 
oetla; 

eatabliahing cardiopulaomury bypass; 
stepping heart contraction; sad 
ceimectiag the arterial bleed seurce to a 
leeatlea in • coronary artery dewnstreaa frea aa 
oeelttsiea using tools introduced through a percutaneeus 
penetraUea while viewing the region of the stopped heart 
through the viewing scope. 

7. A aethod as in elaia €, wherein the 
viewing scope is introduced through a trocar sheath 
disposed in a percutaneous penetratim. 

•• A aethod as in daia 6, wherein the 
arterial blood source is foraed by transecting an artery. 

9* A aethod as in claia 8, wherein the 
transected artery is a aaaaary artery. 

10. A aethod as in claia 6, wherein the 
arterial blood source is foraed by grafting a natural or 
synthetic blood vessel to the aorta. 


11. A aethod es in claia 6, idierein the 
arteriel systea is partitioned by endovascularly 
advancing a distal end of a catheter to the location 
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within thm ascending aorta, and expanding a blocking 
elasant on tba cathatar at said location to inhibit the 
flow of blood and other fluids past said location. 

S 12 . A aethod as in claia 6, irtierein 

cardiopulBonary bypass is established froa the feaoral 
vein to the feaoral artery. 

13 • A aethod as in olaia 11, wherein the heart 
10 ia stopped by anterograde introduction of cardioplegio 
fluid into the coronary arteries through the catheter. 

14. A aethod as in claia 6, wherein the 
arterial blood source is connected to an incision f oraed 
15 in the coronary artery while the heart reaains stopped* 

15 • A aethod for forming en anastoaosis 
between a aaaaary artery and a coronary artery of e 
patient, said aethod ceaprisiag: 
20 positioning at least one trocar sbeeth through 

the patient«s tfheet; 

introducing a viewing scope through the trocar 
sheath to view the region eround the heert; 

collapsing a lung beneath the aaaaary artery 
28 irtiile ventilating the oontrelateral lungi 

transecting the aaaaary artery using a tool 
introduced through a trocar sheath while viewing the 
' artery using the viewing scope; 

endovascularly partitioning the patient *s 
30 arterial systaa at a location within the ascending aorta 
between the brachiocephalic artery and the coronary 
oatiai 

establishing cardiopulaonary bypass; 
stopping heart contraction; 
35 collapsing both lungs; 

forming an incision in the coronary artery 
uaing a cutting tool introduced through a trocar sheath 
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vhll« vlttvlng th« artery using the viewing eoope ^ile 
the heart ia etopped; and 

connecting the tranaected internal aaaaary 
artery to the incision in the coronary artery using a 
5 tool introduced through one of the trocar sheaths' %rtille 
viewing the arteries using the viewing scppe while the 
heart is stopped. 

16. A aethod as in claia 15* wherein at least 
10 three trocar sheaths are positioned on the lateral chest 
and between adjacent rlhs. 

17* A aethod as In clala is, wherein the 
Internal aaaaary artery Is transected using an 
IS eleetrosurgleal catting tool to dissaot the artery froa 
the thoracic wall and a cutting tool to sever the proper 
length of the artery. 

18. A aethod as in claia IS, %rherein the 
20 arterial systea Is partitioned by endovascularly 

advancing a distal end of a catheter to the location 
vithin the ascending aorta, and expanding a blocking 
eleaent on the catheter at said location to inhibit the 
flow of blood and other fluids past said location. 

25 

19. A aethod as In claia IS, wherein 
cardic^ttlaonary bypass is established froa the f eaoral 
vela to the f eaoral artery. 

30 20. A aethod as in claia 18, vherain the heart 

is stopped by the anterograde introduction of 
cardioplegic fluid through the catheter. 
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21. A aethod as in claia 15, wherein the 
incision in the coronary artery is foraed using a 
scalpel. 
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22. A »«thod M in olalB 19, «h«r«in thm 
artsrias axu eenneetad uaing sutur*. 

23. a Mthod aa in elaia 18, vharain tba laft 
S vantrieltt Is vantad by applying a nagativa prasaura 

through tha eathatar. 

34. A Mthod aa in olaia IS, vharaia tha 
stoppad haart ia rapositionad to battar axpeaa tha ragion 
10 of tha coronary artary which ia tha targat for tha 
ineiaien. 

29. X aathod aa in claia 24, vharain tha 
■topped heart ia repositioned using at least tvo graapara 
IS poaitioned en oppoaita sides ot tha heart. 

as. An iapreved aathod Cor parforaing coronary 
bypass in a patient, said aathod ineluding tha steps of 
creating aa arterial blood seurea and connecting tha 
20 eraatad arterial blood eouroe to a location in a coronary 
artery downstreaa frea an occlusion, wherein the 
iaproveaent ocapriaee performing said steps using 
percutaneeusly introduced toola while viewing aaid S'tapa 
uaing a paretttanaoualy intrcdnoad viewing eeepa. 

29 

27. A systaa for facilitating a oloaed eheat 
surgical procedure on or around tha exterior of a 
patient's heart coaprisiagt 

a scope for viewing the interior of tha 
30 patient's chest cavity which can be inaerted through a 
saall opening in the patient* a chest i 

aeans for occluding the patient's ascending 
aorta at a location between the patient 'a coronary 
arteriea and the breehiecephalie artary; 
3S a cardiopulaonary bypass systea, including 

aeans to direct oxygenated blood into the patient's 


06/^^ 14:01 


O 618 405 0952 


Z & L 


Ql 17 


W0.M/1V81 FCTA)S94/0(D0S 

23 

artarial aytta dotmatraaa f zt» th# oecludad asoending 
aortaj 

saana for inducing eardiqplagia; and 
aurgieal toola for operating on and around tha 
9 axtamal aurfaca of tha haart. 

38. Sha ayatan of claia 27, vbarain tba aeana 
to oocluda tha aacanding aorta ia an aiongatad aortio 
cathatar having proxisaX and diatal anda and an 
10 axpandabla aaabar on a diatal portion tharaof # tha 

oathatar baing adaptad to ha advancad through tha 
patiant^a aorta until tha axpandahla aaahar on tha diatal 
portim ia diapoaad at a location batvaan the oatia of 
tha coronary artariaa and the hrachiocaphalio artery and 

19 the expandable aaabar being ahapad and diaanaioned ao 
that, upon the axpanaion thereof vithin the patient* a 
aacanding aorta, the aortio paaaagevay therethrough la 
ooeluded. 

20 29 « The ayataa of claia 27, vharein the neana 
to occlude the aacanding aorta includea a claap adaptad 
to be applied to tha exterior of the aacanding aorta at a 
location between the coronary arteriea and tha 
brachiocephalic artery. 

30. The ayataa of claia 27, wherein the 
cardiopulaonary bypaea ayataa includea aaana to withdraw 
blood froa the patient* a venoua ayataa, aeana to reaove 
carbon dioxide froa the withdrawn blood, and aaana to 
oxygenate the withdrawn blood which ia directed into the 
patient 'a artarial ayataa downatreaa the occluded 
aacanding aorta. 


31. Tha ayataa of claia 27, further ooapriaing 
a plurality of trocar aheatha which can be diepoaed 
within a relatively aaall opening in the patient* a cheat 
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to dftflntt an introducing path for tho vioving scopo and 
•urgioal tools. 

32. A syston for porforaing a coronary artery 
S bypaifl graft procadura coapriaingt 

a viaving aeopa to obaarva a procadure vithin a 
patient *0 oheat cavity, vhieh can be inserted into the 
chest cavity through a relatively saall opening in the 
patient's chest; 

10 . Mans to occlude the patient's ascending aorta 

at a location betveen the patient's coronary arteries and 
the toraohiocepbalie trunk; 

a cardiopulBonary bypaas systea including naans 
to withdraw blood from the patient 'e venous systea, means 
15 to remove carbon dioxide froa the withdrawn blood, aeans 
to oxygenate the withdrawn blood and aeans to direct the 
oxygenated blood into the patient's arterial systea 
downstreaa of the occluded ascending aorta; 
aeans to induce cardioplegia; 
a first cutting tool which can be Inserted into 
the chest cavity through a saall opening in the patient's 
chest, to transact an artery under observation thro^^fh 
the viewing scope to provide a free upstreaa arterial end 
within the chest cavity; 

a second cutting tool which can be inserted 
into the chest cavity through a relatively saall opening 
in the patient's chest, to fora an incision in a coronary 
artery downstreaa froa a blockage therein under 
obeervation through the viewing scope; and 

aeans which can be inssrtsd into the chest 
cavity through an opening in the patient's chest, for 
securing the free upstreaa end of the transected artery 
to the coronary artery ebout the incision therein under 
observation through the viewing scope* 

39 • The systea of claim 32, wherein the 
cardioplegia inducing aeans coaprises a catheter for 
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IntroAuciag eardioplegie utarial into at least on* of 
thtt patient oeronazy blood veseela. 

34. fhe ayatea of claia 32, further eoi^riaiiig 
S a plurality of trocar aheatlis vhieh can be dispoeed 
within the relatively aaall epeninga in the patient's 
cheat to define an introducing path for the viewing aeope 
end surgical tools. 

10 35. A systan aa in elain 30, further 

cosprising a coronary sinus catheter which peraita 
retrograde delivery of eardioplegie fluid to the heart. 


36. A syatas as in claia 30, further 
15 ceaprisiag a pnlaoaary venting catheter which can vent 
fluid f roB the pulaonary trunk and deooopress the left 
vantriole. 


37. A systan aa in claia 30, further 

20 cooprising aa aortio root vent catheter which aay be 

introduced throu^ the aortic occlusion catheter to vent 
the left ventricle. 

38. A ayatea for perforaing a coronary artery 
25 bypaas graft procedure in e patient including: 

aa aortic occlusion oatheter; 
a first cutting tool which csn be inserted into 
the patient *e cheat cavity through a aaall opening in the 
patient 'a cheat to create an arterial blood source within 
30 the patiant's chest cavity by severing an artary and 

providing a free, upstreaa end of the artery within the 
chest cavity under observation through a percutaneous ly 
introduced viewing scope; 

a second cutting tool which can be inserted 
35 into the patient* a cheat cavity through a snail opening 
in the patient's chest to fora an incision in a coronary 
artery downstreaa froa a bloekage therein under 
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observation through a pereutanaously Introdueed vlavlng 
•oopa; and 

Mans which can be Ijisartad into tba patient's 
chest cavity through a saall opening in the patient's 
5 chest for seouring the free, upstreas end of the severed 
artery to the coronary artery about the incision therein 
under observation through the viewing scope. 
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